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Abstract 
We investigated interactions between geochemical reference samples and CO2-saturagted seawater. The experiments 
were made under normal temperature and atmospheric pressure. We used the reference samples of igneous rocks, 
sedimentary rocks, sediments and terrestrial soil, issued from the Geological Survey of Japan (AIST). Chemical 
parameters in the seawater reacted with rock/sediment samples were determined. The results of quantitative analysis 
of by ICP-AES showed that calcium was released from coral, dolomite and limestone due to the dissolution of 
calcium carbonate in seawater acidified by CO2. Significant changes of other elements were not detected for all 
samples. The results of nutrient analysis showed that phosphate was eluted from dolomite, slate, coastal marine 
sediment and pelagic marine sediment significantly. Significant concentration of nitrate and nitrite were not detected 
except in the seawater reacted with terrestrial soil. On the other hand, concentrations of ammonia increased in the 
seawater reacted with slate, coastal marine sediment, pelagic marine sediment and terrestrial soil. Dissolved inorganic 
carbon (DIC) and total alkalinity (TA) were clearly increased in the seawater reacted with coral, dolomite, limestone. 
As above, increases of calcium were also detected in these samples, suggesting dissolution of calcium carbonate to 
the seawater acidified by CO2. Increase of DIC and TA in the coral sample are corresponded to the changes of partial 
pressure of CO2 (pCO2) in the seawater from 83 % to 49 % and pH from 4.8 to 6.1. 
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1.   Introduction 
Geological CO2 sequestration under seabed is one of the possible technologies for CO2 capture and 
storage (CCS). Development of technologies for monitoring and environmental assessment of leaked CO2 
into the seawater is one of the important issues for safety implementation of CO2 sequestration under   
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seabed. Interaction between seabed sediment and CO2-saturated seawater will alter chemical composition 
such as pH, partial pressure of CO2, nutrient and trace metal in leakage water. The changes of these 
chemical parameter can influence ocean environment. On the other hand, anomaly of these chemical 
parameters may be useful for detecting and monitoring of leakage water from under seabed to bottom 
water of the ocean. Although CO2-rock interactions for reservoir rock or cap rock around the injection 
point have been investigated in recent years (e.g., [1-3]), little is published on interaction between CO2-
saturated seawater and surface seabed sediments. In this study, we investigated chemical reactions of 
geochemical reference samples of varied seabed sediment materials and igneous rocks with CO2-saturated 
seawater by laboratory experiment. Release of major and trace metals, nutrients and variability of 
carbonate system resulted from interactions between sediment materials and CO2-saturated seawater were 
examined. The experiments were made under normal temperature and atmospheric pressure because we 
focused on the sequestration under the coastal area in this study. 
 
2.   Materials and Methods 
We used the geochemical reference samples of igneous rocks (andesite, basalt, rhyolite, feldspar, 
gabbroh, hornblendite and syenite), sedimentary rocks (limestone, dolomite, slate, chert and coral), 
sediments (coastal marine sediment and pelagic marine sediment) and terrestrial soil (Table 1), issued 
from the Geological Survey of Japan (GSJ/AIST). Detailed information such as chemical composition of 
these samples were described in GSJ/AIST web site (http://riodb02.ibase.aist.go.jp/geostand/gsj1mainj. 
html). 
 
Table 1. Geochemical reference samples used in this study. 
  
Geological reference sample Code Sampling site 
Andesite JA-1a Hakone volcano (2002) 
Basalt JB-1b Kitamatsuura basalt (1968) 
Rhyolite JR-1 Wada Toge obsidian (1982) 
Feldspar JF-1 Ohira feldspar (1985) 
Gabbro JGb-2 Tsukuba-san leucogabbro (1991) 
Hornblendite JH-1 Nishi-Dohira pyroxene hornblendite (1992) 
Syenite JSy-1 Nephton, Ontario, Canada (1993) 
Limestone JLs-1 Garo limestone (1987) 
Dolomite JDo-1 Kuzuu dolomite (1987) 
Slate JSl-1 Toyama clay slate (1988) 
Chert JCh-1 Ashio chert (1989) 
Coral JCp-1 Ishigaki Island (1999) 
Marine sediment(coastal) JMS-1 Tokyo Bay (1999) 
Marine sediment(pelagic) JMS-2 South Pacific (2000) 
Soil JSO-1 Machida, Tokyo (1997) 
 
Surface seawater collected in western North Pacific (20°N, 155°E) was filtered through membrane 
and aerated with pure CO2 gas for 48 hours just before the experiment.  
For dissolution experiments of multi elements and nutrients, a 0.1g of reference samples and the 20 ml 
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CO2-saturated seawater were reacted in the polyethylene bottle at room temperature for 24 hours with 
continuous aeration of CO2 gas. The supernatants of centrifuged (3500 rpm, 10 min) samples were diluted 
500 fold with pure water (Milli-Q Gradient System, Millipore corporation) for multi element analysis by 
ICP-AES (ULTIMA2, HORIBA Ltd.) and 10 fold with pure water for nutrient measurements (nitrite, 
nitrate, ammonia and phosphate) by continuous flow analysis using auto analyzer (QuAAtro 2-HR, BLtec 
K.K.).  
For the monitoring of pH changes, 0.5 g reference samples were added to 50 ml CO2-saturated 
seawater in glass bottles. Each bottles were inserted the pH glass electrodes and capped without air. The 
pH of the sample was monitored 90 minutes continuously at 25°C. The pH electrodes were standardized 
by NBS pH standard buffer solution before and after the experiments. 
For analysis of carbonate systems, 1 g of reference samples and 130 ml CO2-saturated seawater were 
reacted in closed glass bottles at 25°C for 90 min. The supernatants of centrifuged samples (2200 rpm, 30 
min) were subsampled for measurements of dissolved inorganic carbon (DIC) and pH. Residual samples 
 (TA) measurements. pH of the sample were 
determined by pH grass electrodes standardized by NBS pH standard buffer solution. DIC and TA were 
determined by the method based on [4] using auto analyzing system manufactured by KIMOTO Co. ltd. 
[5]. 
All experiments were made under atmospheric pressure. 
 
3.   Results and discussion 
3.1. Multi elements analysis by ICP-AES 
 
As a result of the qualitative analysis of 38 multi elements in the seawater sample of dissolution 
experiments by ICP-AES, sulfur, boron, magnesium, vanadium, calcium, sodium and potassium were 
detected and any other elements were not detected significantly, for all sediment/rock reference samples. 
The results of quantitative analysis of major cations (sodium, potassium, magnesium and calcium) by 
ICP-AES showed that calcium was released from coral, dolomite and limestone due to the dissolution of 
calcium carbonate in seawater acidified by CO2. Significant changes of other elements were not detected 
for all samples (Fig. 1). The concentrations of calcium were about 2 times of initial seawater sample 
suggesting that the monitoring of calcium concentration in bottom sea water may useful tool for detection 
of CCS leakage water on the area of calcareous sediment. Trace metals were not detected in this 
experiment. On the other hand, elutions of trace elements were observed on the interactions between 
supercritical CO2 and reservoir rocks under in situ conditions [3, 6]. It is necessary for more precise 
evaluation of trace elements to examine various experimental conditions such as the ratio of rock and 
seawater and time-scale.  
 
3.2. Nutrients 
 
The concentrations of nutrients in seawater after the experiments were showed in Fig. 2. The 
concentrations of phosphate increased in the seawater reacted with dolomite, slate, coastal marine 
sediment and pelagic marine sediment significantly. The elution of phosphate from pelagic marine 
sediment (JMS-2) was more than 10 times of that from coastal sediment (JMS-1) although the content of 
total phosphorous in pelagic sediment is generally small. It is known that the phosphorus in marine 
sediment can be classified into several forms such as organic phosphorous, calcium-associated 
phosphorous, iron-bound phosphorous, etc.[7]. The content of iron-bound phosphorous is especially 
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Fig. 1. Concentrations of sodium, potassium, magnesium and calcium in the seawater 
reacted with each rock/sediment sample. 
 
influenced by oxic/anoxic condition of the sediment. Reference sample of coastal marine sediment (JMS-
1) was collected at Tokyo-bay where the anoxic bottom water is formed seasonally. The content of iron-
bound phosphorous in the sediment on anoxic environment seems to be lower due to elution of 
phosphorous from the sediment. Thus, it is expected that the content of iron-bound phosphorous is higher 
in the pelagic marine sediment (JMS-2) than that in the coastal marine sediment (JMS-1). The results of 
the dissolution experiments suggest that the phosphorus eluted by CO2 saturated seawater is related to the 
iron-combined phosphorus in the sediment.   
Significant concentration of nitrate and nitrite were not detected except in the seawater reacted with 
terrestrial soil. It seems that terrestrial soil includes large quantity of nitrate or nitrite for fertilization.  On 
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the other hand, concentrations of ammonia increased in the seawater reacted with slate, coastal marine 
sediment, pelagic marine sediment and terrestrial soil. It is known that ammonia is adsorbed to marine 
sediment [8]. The results suggest desorption of ammonia from the marine sediment by CO2-saturated 
sweater. 
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Fig. 2. Nutrients concentrations in seawater reacted with each rock/sediment sample 
 
3.3. Carbonate system 
 
The change of pH in the seawater showed in Table 2. The initial values of pH were 4.90  5.00. 
Increase of pH were detected in all samples. Increases of pH in the seawater reacted with Andesite, 
Rhyolite, Feldspar, Chert and Soil were less than 0.1. On the other hand, increases of pH in the seawater 
reacted with Limestone, Dolomite and Coral were more than 1.0. The increases of pH were correlated 
with calcium content in geochemical reference material (Fig. 3). 
DIC and TA were clearly increased in the seawater reacted with coral, dolomite, limestone. As above, 
increases of calcium and pH were also detected in these samples, suggesting dissolution of calcium 
carbonate into the CO2 saturated seawater. The increase of DIC and TA were up to 15 mmol kg-1 and 24  
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Table 2. Initial, final and increase (delta) of pH in the seawater reacted with each rock/sediment sample. 
  
Sample Init. pH Final pH Delta pH 
JA-1a 4.88 4.92 0.04  
JB-1b 4.88 5.11 0.23  
JR-1 4.91 4.93 0.02  
JF-1 4.86 4.89 0.03  
JGb-2 4.90  5.14 0.24  
JH-1 4.91 5.34 0.43  
Jsy-1 4.92 5.03 0.11  
JLs-1 4.93 6.14 1.21  
Jdo-1 4.99 6.09 1.10  
JSl-1 4.99 5.35 0.36  
JCh-1 4.98 4.99 0.01  
JCp-1 4.94 6.20  1.26  
JMS-1 4.96 5.13 0.17  
JMS-2 4.91 5.31 0.40  
JSO-1 4.93 4.97 0.04  
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Fig. 3. Plot of pH increases against the calcium content in rock/sediment 
samples in the experiments. Calcium contents are represented as percent 
concentration of mass of CaO reported in GSJ Geochemical Reference 
samples DataBase. 
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mmol kg-1, respectively, in the seawater reacted with coral. This increase of DIC and TA are 
corresponded to the changes of partial pressure of CO2 (pCO2) in the seawater from 83 % to 49 % and pH 
from 4.8 to 6.1. These results suggest that interactions between sediment/rock and CO2-satureted seawater 
altered carbonate system in leakage water especially at the area of calcareous sediment. Monitoring of at 
least two parameters of carbonate system (pH, DIC, TA, pCO2) is important for precise evaluation of 
leakage water impact. 
4.   Summary 
Series of the exposure experiments in this study provided us basic and general information about 
interaction of the rock or sediment with CO2-saturated seawater. We could not detect significant changes 
in of trace elements in the experimental conditions in this study. On the other hand, reactions with some 
sediment samples changed the nutrient concentration and carbonate system in CO2-saturated seawater 
significantly, implying possible influence of leakage of CO2 stream from storage site to marine 
environment. The monitoring of calcium and more than two parameters of carbonate system is important 
for detection and assessment of leakage water. 
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